ols) formed by β-naphthoflavone-induced rat liver microThe comparative genotoxic effects of racemic trans-8,9-somes: two diastereomers of trans,trans-DB [a,l]P-8,9:11,12-
ols) formed by β-naphthoflavone-induced rat liver microThe comparative genotoxic effects of racemic trans-8,9 might possess intrinsic genotoxic activity. Since DB[a,l]P, a fibroblasts was investigated. The C3H10T 1 / 2 mouse embryo product of the incomplete combustion of fossil fuels, is morphological cell-transforming activities of these polyenvironmentally abundant (4) and is a highly potent mouse cyclic aromatic hydrocarbons (PAHs) were assayed using skin (5), mouse lung (6) and rat mammary carcinogen (5), we concentration-response studies. At concentrations of 33 pursued the question of the potential genotoxicity of this KnM and above both trans-DB[a,l]P-8,9-diol and DB[a,l]P region dihydrodiol in mammalian cells. In previous investiproduced significant ( at 1000 cells/60 mm plastic Petri dish in 5 ml of complete medium (24 dishes/concentration) and 24 h later the dishes were treated with the PAHs dissolved in acetone (0.5% by volume) for 24 h (7). One week after treatment, the cytotoxicity study dishes were fixed with methanol and stained with Giemsa. At confluence, the medium (containing 5% fetal bovine serum) was changed weekly in the morphological transformation study dishes. At the end of 6 weeks, the dishes were fixed, stained with Giemsa and scored for morphological cell transformation according to published criteria (9) . Statistical analyses were performed on the morphological cell transformation incidence data using a χ 2 test with Yates correction and on the transformation multiplicity data using Dunn's multiple comparison method after a Kruskal-Wallis one-way ANOVA on ranks (SigmaStat; Jandel, San Rafael, CA). For DNA adduct studies, C3H10T 1 / 2 fibroblasts in mid-log growth (~70% confluent) were treated with the PAHs dissolved in acetone (0.5% by volume). After a 24 h exposure, the cells were washed with Dulbecco's phosphate-buffered saline (three times), trypsinized and collected by centrifugation. Cells treated with acetone served as controls. DNA was isolated from C3H10T 1 / 2 cells using a chloroform/isoamyl alcohol/phenol All treatment groups were treated for 24 h. Cytotoxicity was scored after labeling assay (11) with nuclease P1 enhancement (12) and remaining spot at the origin was excised, extracted with 4 M pyridinium formate (pH 4) and the samples reduced to dryness in vacuo. Each sample was spiked with the UV marker cis-9,10-was more cytotoxic than DB[a,l]P (58 versus 82% survival; Figure 2A ). In morphological cell transformation replicate dihydroxy-9,10-dihydrophenanthrene and the volume adjusted with a mixture of MeOH and 0.3 M NaH 2 PO 4 buffer (pH 2) studies, trans-DB[a,l]P-8,9-diol and DB[a,l]P produced statistically significant (P Ͻ 0.05, compared with the acetone control) (9:1). Separation of 32 P-labeled nucleoside 3Ј,5Ј-bisphosphate adducts was carried out using a 5 µm, 4.6ϫ250 mm Zorbax numbers of dishes with type II or III foci at all concentrations evaluated ( Figure 2B ). For each agent at 89-99 nM and phenyl-modified column (MAC-MOD Analytical Inc., Chadds Ford, PA) (15) . The radiolabeled adducts were eluted using a above, over 80% of the treated dishes exhibited at least one transformed focus. Both trans-DB[a,l]P-8,9-diol and DB[a,l]P previously described gradient system (3) and were detected by an in-line flow-through scintillation counter.
produced statistically significant (P Ͻ 0.05, compared with the acetone control) numbers of type II and III foci per dish C3H10T 1 / 2 cells were used to evaluate the morphological cell-transforming activities of trans-DB[a,l]P-8,9-diol and to at every concentration evaluated ( Figure 2C Figure 3A) . The diol were performed using a 32 Figure 3C ). The peaks eluting at 60-65 min represented the syn-and anti-DB[a,l]PDE adducts of dGuo and dAdo. The peak eluting at 47 min has been reported to be derived, in part, from further metabolic activation of trans-DB[a,l]P-8,9-diol. No adducts were observed in the DNA from cells treated with acetone (data not shown) (7) . The DNA adduct patterns presented here for DB[a,l]P-DNA adducts in C3H10T 1 / 2 cells differ slightly from the pattern published earlier (7). In the HPLC system used in that study, five individual peaks were observed which were identified as synand anti-DB[a,l]PDE adducts of dGuo and dAdo. The HPLC system here was designed to retard early eluting polar adducts and accelerate less polar DNA adducts. Thus, the pattern of DB[a,l]P-DNA adducts in C3H10T 1 / 2 cells in Figure 3A show a compressed elution pattern of all of the syn-and anti-DB[a,l]PDE adducts. There are a number of competing hypotheses that describe routes of metabolic activation of carcinogenic PAHs. One hypothesis proposes the formation of stable PAH bay region or fjord region diol epoxide-DNA adducts, through the initial formation of dihydrodiols and their subsequent epoxidation mammalian cells, including morphological cell transformation. Consequently, the lack of detectable stable DNA adducts in (2), while another proposes the formation of unstable bay region or fjord region diol epoxide-DNA adducts (16, 17) (8) . Unstable PAH-DNA adducts can also be derived from PAH radical cations (18) . The further our methods or that other types of DNA damage leading to morphological cell transformation have occurred in these cells. metabolism of dihydrodiols to bis-diols and their epoxidation to bis-diol epoxides, which form stable DNA adducts (that are There are a number of possible explanations for these events.
(i) Unstable DNA (depurinating or depyrimidinating) adducts more polar than those arising from diol epoxides), has also been proposed (19, 20) . The predominant microsomal enzymes may be formed that create apurinic sites. Apurinic sites have been observed after DB[a,l]P administration to mouse skin involved in the formation of PAH dihydrodiols, diol epoxides and bis-diol epoxides are P450 1A1, P450 1B1 and epoxide (8, 41 (24) .
To date, the only reported mechanism of metabolic activation absence of significant cytotoxicity. Its activity approximately equals that of DB[a,l]P and it gives concentration-related of PAHs in C3H10T 1 / 2 cells is their conversion via dihydrodiols to DNA-reactive bay region and fjord region diol epoxides responses. While its mechanism of action is unknown, we find no evidence for the further metabolic activation of transand, for cyclopenta-PAHs, their conversion to DNA-reactive arene oxides. This has been demonstrated for a number of DB[a,l]P-8,9-diol to detectable stable DNA adducts. The observation that trans-DB[a,l]P-8,9-diol is also an extremely PAHs, including DB[a,l]P, in both metabolism (25) (26) (27) and DNA adduct studies (7, (28) (29) (30) . The enzymes responsible for active morphological cell-transforming agent (approximately equal to DB[a,l]P) warrants further investigations into its metabolic activation of PAHs to genotoxic intermediates in mouse embryo C3H10T 1 / 2 cells are microsomal epoxide mechanisms of action in these cells. hydrolase and a predominantly induced microsomal cytochrome P450, P450 1B1 (31-33). Other metabolic enzymes
